Why are some galaxy disks extremely thin? by Banerjee, Arunima & Jog, Chanda J.
ar
X
iv
:1
21
0.
82
44
v1
  [
as
tro
-p
h.C
O]
  3
1 O
ct 
20
12
Mon. Not. R. Astron. Soc. 000, 000–000 (0000) Printed 18 October 2018 (MN LATEX style file v2.2)
Why are some galaxy disks extremely thin?
Arunima Banerjee1⋆, and Chanda J. Jog2†
1 National Centre for Radio Astrophysics, TIFR, Pune 411007, India
2 Department of Physics, Indian Institute of Science, Bangalore 560012, India
18 October 2018
ABSTRACT
Some low surface brightness galaxies are known to have extremely thin stellar
disks with the vertical to planar axes ratio 0.1 or less, often referred to as superthin
disks. Although their existence is known for over three decades, the physical origin
for the thin distribution is not understood. We model the stellar thickness for a two-
component (gravitationally coupled stars and gas) disk embedded in a dark matter
halo, for a superthin galaxy UGC 7321 which has a dense, compact halo, and compare
with a typical dwarf galaxy HoII which has a non-compact halo. We show that while
the presence of gas does constrain the disk thickness, it is the compact dark matter
halo which plays the decisive role in determining the superthin disk distribution in low-
mass disks. Thus the compact dark matter halo significantly affects the disk structure
and this could be important for the early evolution of galaxies.
Key words: galaxies: ISM - galaxies: kinematics and dynamics - galaxies: spiral -
galaxies: structure - galaxies: halos - galaxies: individual : UGC 7321, HoII
1 INTRODUCTION
The stellar disk in a typical spiral galaxy is thin, as seen from
the image of an edge-on galaxy like NGC 4565, and contains
most of the visible mass in a late-type galaxy. There is a
particular class of galaxies where the stellar disk is extremely
thin, the so-called superthin (Goad & Roberts 1981), or flat
(Karachentsev 1989) galaxies, where the vertical to radial
axes ratio of the galaxy as projected on the sky is 0.1 or less
(Matthews et al. 1999), also see Kautsch (2009) for a recent
review.
There is no clear physical understanding yet of why the
stellar disks in these galaxies are thin. This is of interest for
understanding the structure and dynamics of these galaxies.
In addition, the superthin galaxies have become interesting
recently for two reasons. First, all the superthin galaxies are
low surface brightness (LSB) galaxies though the reverse
is not true. Thus understanding why these are so thin may
help shed light on the overall evolution of LSB galaxies. The
LSBs are common, are highly gas-rich yet do not appear to
have had a significant star formation, and their origin and
dynamics are not understood well (e.g., de Blok 2006). Sec-
ond, galaxy interactions are now known to be common and
can thicken the stellar disks (Walker et al. 1996, Velazquez
& White 1999, Qu et al. 2011). Irrespective of what gives
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rise to the thick disks, most large galaxies are now known
to contain a thick disk (Gilmore & Reid 1983, Dalcanton &
Bernstein 2002). In view of this, the existence of galaxies
with a superthin stellar disk is even more puzzling.
The vertical thickness of a galactic stellar disk is deter-
mined by the balance between the vertical self-gravitational
force and pressure (e.g., Rohlfs 1977). The inclusion of gas,
despite its low mass fraction, has a significant constraining
effect in the determination of the stellar thickness. This is
because the gas being a low-dispersion component is located
closer to the mid-plane (Narayan & Jog 2002b, Banerjee &
Jog 2007). The LSB galaxies are known to be dark-matter
rich from the innermost radii of the galactic disk (McGaugh
& de Blok 1998, Banerjee et al. 2010). Thus the halo is likely
to play an important role in reducing the stellar thickness
in these, since the surface density of dark matter within a
constant thickness near the mid-plane dominates the disk
surface density from the inner regions (see Fig. 3, Banerjee
et al. 2010).
In this paper, we study the stellar thickness for a two-
component (stars plus gas) disk in a dark matter halo. We
study the prototypical superthin galaxy UGC 7321 for which
the various input parameters for the stellar and gas compo-
nents have been determined from observations (Matthews et
al. 1999, Matthews 2000, Uson & Matthews 2003, Matthews
& Wood 2003). We obtain the stellar scale height at differ-
ent radii for UGC 7321 using the two-component model of
gravitationally-coupled stars and gas in the field of a dark
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matter halo as developed in Banerjee et al. (2010), and ex-
plore the parameter space around the observed values to get
an idea of the variation in the calculated scale height. We
show that while the presence of gas constrains the stellar
disk thickness, it is the dense, compact dark matter halo
which plays a decisive role in determining whether the disk
is thin.
Our earlier studies where the vertical thickness of the
neutral H i gas was used to constrain the shape and density
profile of the dark matter halo modeled as pseudo-isothermal
spheres revealed an interesting feature, namely that large or-
dinary spirals like the Galaxy and M31 have non-compact
halos while the superthin galaxy UGC 7321 has a compact
halo (§2.2). This has prompted us to investigate here if in
general a dense, compact halo plays a crucial role in deter-
mining the superthin distribution in a stellar disk.
The paper has been organized as follows. In §2, we
present the numerical calculations, definitions of the terms
and input parameters used, in §3 the results, followed by
discussion and conclusions in §4 and §5 respectively.
2 NUMERICAL CALCULATIONS &
DEFINITION OF TERMS USED
2.1 Numerical Calculations
We use the two-component model of gravitationally-coupled
stars and H i gas in a galactic disk in the field of a pseudo-
isothermal dark matter halo. In this model, the stars and gas
are assumed to be present in the form of concentric, thin,
axisymmetric disks embedded within each other, and are in
a hydrostatic equilibrium in the z direction (Narayan & Jog
2002b, Banerjee & Jog 2008). We use the galactic cylindrical
co-ordinates (R, φ and z).
The joint Poisson equation for the above two-
component disk and halo is given by:
1
R
∂
∂R
(R
∂Φtotal
∂R
) +
∂2Φtotal
∂z2
= 4piG(
2∑
i=1
ρi + ρh) (1)
where Φtotal is the net potential due to the stars, the H i gas
and the dark matter halo; ρi with i = 1 to 2 denotes the
mass volume density for each of the disk components (stars,
and HI gas), while ρh denotes the same for the pseudo-
isothermal halo. The halo density profile is given by (Binney
& Tremaine 1987):
ρh(R, z) =
ρ0
1 + R
2+z2
R2
c
(2)
where ρ0 is the central density and Rc is the core radius of
the halo.
The equation of hydrostatic equilibrium for the ith disk
component in the z direction is given by (Rohlfs 1977):
∂
∂z
(ρi < (v
2
z)i >) + ρi
∂Φtotal
∂z
= 0 (3)
On combining the above two equations, we get the equa-
tion for the vertical equilibrium for each component of the
disk to be:
〈v2z〉i
∂
∂z
[
1
ρi
∂ρi
∂z
]
= −4piG(
2∑
i=1
ρi+ρh)+
1
R
∂
∂R
(vrot
2(R))
obs
(4)
Here < v2z >i is the mean square velocity of the i
th disk
component, and (vrot)R is the observed rotational velocity
at any R. The last term is the radial part of the Laplacian.
For a flat rotation curve this is identically equal to zero at
the mid-plane, and for a nearly flat curve it changes the
vertical scale heights less than 1% and hence can be ignored
(Narayan et al. 2005). However, for a region of rising rotation
curve as in dwarf galaxies, including this term can increase
the scale heights by about 15 % (Banerjee et al. 2011), so
we include it here for the calculations for HoII (Section 3.2).
For UGC 7321, we have not included the radial term in the
calculations to be consistent with our earlier work (Banerjee
et al. 2010), the results of which such as ρ0 and Rc have been
used as input parameters in the current paper. The error in
the calculated scale height is estimated to be ∼ 22 %, thus
even if this term were to be included, we would still get a
superthin distribution for UGC 7321.
Therefore, we have two coupled non-linear, second-order
ordinary differential equations in the variables ρstars and
ρgas. These are solved numerically using the fourth-order
Runge-Kutta method of integration in an iterative fashion,
using suitable initial conditions (for details see Narayan &
Jog 2002b, Banerjee & Jog 2008). The stellar density is ob-
tained as a function of z at each galactocentric radius R,
and the half-width-at-half-maximum (HWHM) defines the
vertical thickness at each R.
2.2 Definitions of Terms Used
A superthin galaxy : In this paper we use the ratio z0/RD
where z0 is the vertical stellar scale height as in ρ = ρ0
Sech2(z/z0) and “RD” is the exponential stellar disk scale
length as the quantitative index of the stellar disk thickness
following the work of Reshetnikov et al. (2003) and Bizyaev
& Kajsin (2004). At each R, z0 is obtained from the cor-
responding HWHM using a simple conversion factor (z0 =
HWHM / 0.88). We refer to a galaxy as being superthin if
the average value of z0/RD within R ≤ 3RD is ≤ 0.1
Dense and compact Halo: In this work, we define the dark
matter halo as being “dense” if the central density ρ0 is
∼ a few times 0.01 M⊙pc−3 or more. Ordinary large spi-
rals like the Galaxy (ρ0 ∼ 0.033 M⊙pc
−3; Narayan et al.
2005), M31 (ρ0 ∼ 0.011 M⊙pc
−3; Banerjee & Jog 2008),
and the superthin galaxy UGC 7321 (ρ0 ∼ 0.035 - 0.057
M⊙pc−3; Banerjee et al. 2010) thus have dense halos. Sim-
ilarly, we label the halo to be “compact” if the core ra-
dius Rc ≤ 2RD. The high surface brightness (HSB) galax-
ies are found to have non-compact or extended halos with
Rc ≥ 2RD (Gentile et al. 2004). This is confirmed for our
Galaxy where Rc/RD ∼ 2.8 (Narayan et al. 2005), and M31
where Rc/RD ∼ 3.9 (Banerjee & Jog 2008). The superthin
galaxy UGC 7321, on the other hand, has been shown to
have a compact dark matter halo with Rc/RD ∼ 1.2 − 1.4
(Banerjee et al. 2010). In contrast, the dwarf irregular galaxy
such as HoII studied in §3.2 here, has less dense and ex-
tended halo, with ρ0 = 0.0009 M⊙pc
−3 and Rc/RD ∼ 8.3.
2.3 Input Parameters Used
We choose UGC 7321 as a prototypical example for our
study as it is one of the very few superthin galaxies reason-
ably well studied observationally (§1), and all the required
c© 0000 RAS, MNRAS 000, 000–000
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input parameters for our model are available, as indicated
in Table 1. The choice of stellar vertical velocity used is
discussed next in some detail, since the stellar thickness de-
pends crucially on this. The vertical stellar dispersion was
measured by Matthews (2000) indirectly by assuming pres-
sure equilibrium along the vertical direction for a stellar
component alone. From the observed surface density (ob-
tained from the luminosity and a M/L ratio) and the scale
height for stars, and using eq. (7) in Matthews (2000), the
central value of the vertical velocity dispersion is obtained to
be 14.3 km s−1 (Banerjee et al. 2010). Here for consistency,
we use the same value since we use the values of the halo pa-
rameters derived in Banerjee et al (2010) which were based
on this dispersion value. We note that even the addition
of gas and dark matter densities (from Fig. 3, Banerjee et
al. 2010) will increase the central stellar dispersion by only
∼ 20% to 17.0 km s−1. We check that the resulting error in
the calculated scale height is then 21 % and the calculated
disk continues to be a superthin one.
We assume that the velocity dispersion falls off expo-
nentially with a scale length, Rv, equal to 2RD. The mea-
surement of disk scale length in an edge-on galaxy could be
affected by the dust extinction which could be uneven or
patchy. We have taken RD = 2.1 as measured in R-band
(Matthews 2000) which is therefore not too affected by the
dust extinction. The K-band value is a better indicator of
the true underlying stellar mass distribution, this was mea-
sured using the 2MASS data by Bizyaev & Mitronova (2002)
who get a value that is not significantly different.
3 RESULTS
3.1 UGC 7321: A galaxy with a dense, compact
halo
We now study the relative importance of the gas surface
density with respect to a dense, compact dark matter halo
in determining the vertical thickness of a stellar disk. Using
our two-component model of a galaxy (see §2.1), we obtain
the vertical scale height of the stars at each galactocentric
radius R for UGC 7321, a galaxy with a superthin stellar
disk.
In Figure 1, we plot the ratio z0/RD versus R for the
stellar component in UGC 7321 for four different cases as in-
dicated. These are the two-component model with the stars
responding only to their own self-gravity i.e model excluding
self-gravity of the gas and the gravitational field of the dark
matter halo, model excluding only the gravitational field of
dark matter, model excluding only the self-gravity of the
gas, and lastly, the complete model including all the com-
ponents i.e the self-gravity of the stars, the gas and the field
of the dark matter halo. It is clear from the figure that the
stellar disk of UGC 7321 qualifies as a superthin case by our
definition (z0/RD ≤ 0.1) only when the gravitational field
of the dark matter halo is taken into account. This clearly
illustrates the fact that although the self-gravity of the gas
plays a role in reducing the vertical thickness of the stars as
compared to that of the stars-alone case, it is the gravita-
tional force due to the dark matter halo that is principally
responsible in causing the stellar disk to be superthin.
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Figure 1. Plot of the ratio z0/RD (where z0 is the stellar verti-
cal scale height and RD the exponential disk scale length) with
galactocentric radius R for UGC 7321 for different realizations of
the two-component galaxy model. From top to bottom, the curves
correspond to the two-component model with both gas and dark
matter absent, with gas present but dark matter absent, with
gas absent but dark matter present, and with both gas and dark
matter present respectively. Thus the ratio z0/RD is found to de-
pend both on the gas and the dark matter halo components. For
instance, at R = 2 kpc, inclusion of gas (dark matter) reduces
this ratio by ∼ 18% (45%) to the value 0.124 kpc (0.084 kpc) as
compared to the stars-alone case (0.152 kpc). However, this figure
clearly shows that it is the dense, compact dark matter halo and
not the gas-rich disk, that is responsible for the superthin stellar
disk observed in UGC 7321.
In contrast, in the Galaxy the stellar disk is substan-
tially more massive than in UGC 7321, hence the disk grav-
ity dominates the vertical self-gravitational force, and the
halo plays a minor role in determining the vertical stellar
thickness in the inner Galaxy as was shown by Narayan
& Jog (2002b). In the inner Galaxy, the rotation curve is
mainly set by the disk, while in UGC 7321 the surface den-
sity of stars is much lower and hence stars contribute little to
the radial gravitational force. Hence a dense and compact
dark matter halo is also to explain the observed rotation
curve in UGC 7321 as well.
In Figure 2, we study the importance of the compact-
ness of the dark matter halo in determining the vertical
thickness of the stellar disk in UGC 7321. Using our two-
component model of gravitationally-coupled stars and gas
in the field of a dark matter halo, but with the self-gravity
of the gas set to zero, we obtain the average of z0/RD (aver-
aged over R ≤ 3RD) for different values of the dark matter
core radius Rc, for a given asymptotic value of the rota-
tional velocity vrot(R = ∞) = 110 km s
−1 as set by the
rotation curve from the relation v2rot = 4piGρ0Rc
2. This, in
turn, makes the dark matter core density ρ0 a function of
the core radius Rc. Also, we choose a feasible range of trial
values for Rc (0.5RD ≤ Rc ≤ 5RD) as indicated by earlier
studies. The plot clearly brings out that a superthin stellar
disk (average z0/RD ≤ 0.1) results only when Rc ≤ 2RD i.e
when the dark matter halo is compact. We also study the
relative importance of the gas surface density as compared
to the compactness of the dark matter halo in this figure.
Therefore also overlaid on this plot are horizontal lines indi-
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Table 1. Input parameters of UGC 73211 and HoII2
Galaxy Σ∗(0) ΣGas
3 RD σz
HI σzstars(0) ρ0 Rc Rc/RD
(M⊙ pc−2) (M⊙ pc−2) (kpc) (km s−1) (km s−1) (M⊙ pc−3) (kpc)
UGC 7321 50.2 4.1 2.1 9 14.3 0.057 2.5 1.38
HoII 27.8 9.8 1.2 7 11.1 0.0009 10.0 8.33
1 Banerjee et al. 2010
2 Banerjee et al. 2011
3 For R ≤ 3RD
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Figure 2. Plot of the average value of the ratio z0/RD (where
z0 is the stellar vertical scale height and RD the exponential
disk scale length) as a function of the dark matter core radius
Rc, here RD = 2.1 kpc as in UGC 7321. From the plot it is
clear that the stellar disk becomes superthin only for compact
dark matter halos i.e Rc ≤ 2RD . Also overlaid on this figure
are horizontal cuts indicating the average z0/RD for cases with
different gas surface density fractions but with that of the dark
matter component set to zero. It is evident that in order to render
the stellar disk superthin through a gas-rich disk only, the fraction
of the gas surface density needs to be more (∼ 70% of that of the
stars) than the observed value in UGC 7321 (∼ 47% within the
region of interest i.e.,R ≤ 3RD). This again confirms that a dense,
compact dark matter halo is necessary for a superthin stellar disk.
cating the average value of z0/RD for different values of the
gas to stellar surface density fraction, with the gravitational
field due to the dark matter set to zero. This shows that
in order to obtain a superthin stellar disk the gas fraction
should be more than the the observed gas surface density
in UGC 7321 in the region of interest. Therefore this figure
again highlights the fact that a compact dark matter halo is
necessary to obtain the superthin stellar disk in UGC 7321.
Thus, only a high value of the relative mass of the dark mat-
ter halo can not be the reason behind the superthin stellar
disk of a galaxy as claimed by Zasov et al. (2002). Instead
the actual radial distribution of the dark matter is impor-
tant.
Finally, we repeat the same calculations as above but
with a central stellar surface density half of its original value
to study the dependence of the vertical thickness of the stel-
lar disk on the stellar surface density, as discussed in Bizyaev
& Kajsin (2004). Most interestingly, even the case with the
gas surface density equal to the stellar surface density, fails
to result in a thin stellar disk. In contrast, a highly com-
pact halo with Rc ≤ 1.5RD can render the stellar disk su-
perthin even without any contribution from the gas com-
ponent. Therefore, for low-mass galactic disks, a dense and
compact dark matter halo plays the pivotal role in making
the stellar disk superthin.
It may be appear that a very thin stellar disk could
simply be explained by a low vertical dispersion and hence
lower pressure support. There is indeed reason to believe
that the stellar dispersion could be lower in the superthin
galaxies since the various dynamical processes for heating
the stellar dispersion are not effective (Section 4). However,
from the results in Figures 1 and 2, we can argue that the
low dispersion alone cannot be responsible for the superthin
nature of UGC 7321. In absence of the dark matter, the disk
is thick enough (with an average z0/RD well above 0.1) so
that it will not be considered to be a ”superthin” galaxy (See
Fig. 1). Further, Figure 2 shows that for the given observed
stellar velocity dispersion, the disk shows a ”superthin” dis-
tribution only when the dark matter halo is compact (with
Rc/RD < 2). Thus a low stellar dispersion cannot be the
main reason for the superthin distribution.
3.2 Comparison with HoII, a dwarf galaxy with a
non-compact halo
In order to illustrate further the relative importance of a
dense, compact dark matter halo and a gas-rich disk in de-
termining the stellar disk thickness in realistic cases, we next
apply our two-component model of the galaxy to obtain the
average z0/RD for the stars in the dwarf irregular galaxy
HoII chosen from the THINGS sample. HoII is gas-rich with
the gas surface density dominating the disk dynamics on
an equal footing with the stars. However the dark matter
halo is neither dense (ρ0 = 0.0009 M⊙pc
−3) and nor com-
pact (Rc/RD ∼ 8.3). The input parameters required for our
calculations are presented in Table 1. The central stellar
velocity dispersion has been measured to be 11.1 km s−1
(Banerjee et al. 2011), using the approach as in Leroy et al.
(2008). The dispersion is assumed to fall off exponentially
with radius with a scale length equal to 2RD. In Table 2,
we compare the resulting average z0/RD for HoII with that
of UGC 7321 for different cases. Interestingly, the dense,
compact halo of UGC 7321 can reduce its average z0/RD
by 50% compared to the value of the stars-alone case. The
non-compact halo of HoII, on the other hand, can reduce the
stars-alone value by 10% only. Inclusion of gas to the stars-
alone case, on the other hand, reduces the same by 18% and
c© 0000 RAS, MNRAS 000, 000–000
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Table 2. Average z0/RD for UGC7321 and HoII
Model UGC7321 HoII
DM, & Gas both absent 0.138 0.374
DM absent, Gas present 0.113 0.166
DM present, Gas absent 0.070 0.335
DM present, Gas present 0.068 0.132
56% respectively. Therefore although the highly gas-rich disk
of HoII is as effective as the dense, compact halo in reducing
the disk thickness, it cannot, however, make the stellar disk
superthin. This result corroborates our observation in §3.1
that in a low-mass disk, only a dense, compact dark matter
halo can render the disk superthin.
Before concluding this section, we note that although
each of the above two galaxies constitutes a typical repre-
sentative of their respective galaxy class, namely UGC 7321
for the superthin LSBs and HoII for the dwarf irregulars, the
values of the physical parameters would vary from galaxy to
galaxy even within the same class of galaxy. Nevertheless
varying the relevant input parameters around the realistic
values seen in these prototypes and studying the effect on
the stellar disk thickness helps us to follow the underlying
trend, thereby providing useful pointers for future research.
3.3 Physical basis of a compact halo leading to a
superthin stellar disk
For a dark matter-dominated galactic disk, the vertical
thickness of the stars at any radius R is regulated by the dark
matter mass density ρh close to the midplane (z = 0), or
rather, by the steepness of its density profile. This is because
the stars effectively respond as test particles to the dominant
mass component of the disk, which is the dark matter halo in
this case. Now the steepness of the density profile in the ver-
tical direction is given by its first derivative with respect to
z i.e dρh/dz which is zero at z = 0 for the pseudo-isothermal
dark matter halo. So we use the second-derivative to quan-
tify the steepness of the density profile. Simple calculations
show that for a given value of the asymptotic rotational ve-
locity, the second-derivative of the dark matter density ρh
at any R is given by d2ρh/dz
2 ∼ 1/(Rc
2 +R2)
2
. Therefore
a small value of Rc will result in a high value of d
2ρh/dz
2.
In other words, a compact dark matter halo will result in
a steep vertical density profile of the dark matter halo, and
therefore, of the stars, which is equivalent to a thin stellar
disk.
4 DISCUSSION
1. Results for a slower fall-off in stellar dispersion : In the
calculations above, it was assumed that the vertical velocity
dispersion falls exponentially with radius with a scale length,
Rv, that is twice the scale length of the disk exponential
surface brightness, RD (or, Rv/RD = 2). This standard re-
lation was obtained for a single-component disk of constant
thickness (van der Kruit & Searle 1981). In an earlier work
(Narayan & Jog 2002a) it was shown that the observations
of luminosity profiles when looked at closely do not imply
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Figure 3. Plot of the ratio z0/RD versus galactocentric radius
R for UGC 7321 for different realizations of the two-component
galaxy model (as in Figure 1), but with a more gradual fall-off
with radius in the stellar vertical velocity dispersion (as given by
Rv/RD = 2.5). As expected, the scale height values are higher
here due to the higher pressure support from the stellar compo-
nent. Nevertheless, the two main features of Figure 1 still remain:
namely, the disk is still superthin (with the average z0/RD < 0.1
for radii within < 3RD); and the main deciding factor whether
the disk is thin is the compact dark matter halo (and not the
gas), as can be seen by comparing the two curves that include
the dark matter to those without it.
rigorously constant thickness, indicate a moderate flaring of
stellar thickness, by a factor of few within the optical radius.
This issue was studied for a multi-component disk in a dark
matter halo, and comparing the model results with obser-
vations of luminosity profiles, it was shown that the ratio
Rv/RD lies in a range of 2-3 (Narayan & Jog 2002a).
Choosing a typical value of 2.5 in this range, we next
repeat the calculation - see Figure 3 for the results. We find
that for this higher ratio, the fall off in stellar velocity disper-
sion is slower, hence the resulting z0/RD values are higher
especially at larger radii as expected (see Figure 3). Nev-
ertheless, the two main features of Figure 1 still remain.
First, the disk is still superthin (with the average z0/RD <
0.1 for radii < 3RD). Second, the main deciding factor for
the superthin nature of the disk is the compact dark matter
halo (and not the gas), as can be seen by comparing the
two curves that include the dark matter to those without it.
Thus our main result from this paper, namely that a com-
pact halo is the principal determining factor that determines
the disk thinness, remains valid even for a higher value of
Rv/RD that was indicated by an earlier study (Narayan &
Jog 2002a).
2. Evolution of disk thickness : Galaxy interactions are now
known to be common, and these tend to increase the thick-
ness of stellar disk with time (§1). Interestingly, the LSBs
are known to lie in a region of low galaxy number density
(Karachentsev 1999). The analysis of SDSS data shows these
to lie along the edges of voids (Rosenbaum et al. 2009).
This lack of galaxy interactions could explain why superthin
galaxies retain their very thin stellar disk distribution over
time. Bars and spiral features can thicken a stellar disk (Saha
et al. 2010), but UGC 7321 has no detectable bar (Pohlen et
al. 2004), and LSBs generally lack spiral features (de Blok
c© 0000 RAS, MNRAS 000, 000–000
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2006). So this mode of disk thickening does not apply in
this case. Also, bending instabilities that could lead to disk
thickening may also not be effective in presence of a domi-
nant dark matter halo (Zasov et al. 1991). Thus the various
dynamical processes that could cause a disk thickening are
ineffective for the LSB galaxies. Hence, if the stellar disk is
superthin to begin with, that property remains unchanged
with time.
2. Origin of a dense, compact dark matter halo : The main
underlying question from this work is: what decides whether
the dark matter halo is dense and compact? Does the pres-
ence of a disk in it affect its internal evolution via angular
momentum transfer? It is still not clear why two disks with
otherwise similar properties (in terms of the stellar surface
density and gas fraction) but with different halo properties
give a superthin stellar disk (as in UGC 7321) or a puffed
up disk (as in HoII). We hope that the result in present
paper will trigger further research involving high resolution
simulations of galaxy evolution that could address this issue.
5 CONCLUSIONS
We attribute the superthin nature of the stellar disk seen
in some low surface brightness galaxies to the presence of
a dense and compact dark matter halo. We obtain the stel-
lar disk thickness for gravitationally coupled stars and gas
in the presence of a dark matter halo. By studying the pa-
rameter space around the observed values for the superthin
galaxy UGC 7321, we show that while the inclusion of gas
in the problem does constrain the stellar disk thickness, the
superthin distribution is mainly attributed to a dense, com-
pact dark matter halo which dominates the disk from the
inner radii of the galaxy. Thus a compact dark matter halo
plays a crucial role in determination of the structure and
dynamics of superthin galaxies. The question that needs to
be addressed is what gives rise to such dense and compact
dark matter halos to begin with during the galaxy evolu-
tion phase. Since superthin low surface galaxies constitute
the prototypes of the high redshift galaxies in the local uni-
verse, our result may be have important implications for
galaxy formation and evolution models.
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